Lapa do Santo rockshelter, a Paleoindian site located in Eastern-Central Brazil, presented two main occupations; one during Early Holocene (12,460 to 8700 cal BP), and a latter in Middle Holocene (5100 to 4200 cal BP). In spite of this 3600 year gap, the stratigraphy and general characteristics of the material culture did not indicate any visible discontinuity. This led us to hypothesise a reoccupation of the rockshelter by the same cultural group, tested by means of statistical analyses comparing lithics, bone artifacts, and faunal remains from early and middle Holocene layers. No significant differences were found, and our results indicate the presence of a cultural tradition that persisted for 8240 years, or roughly 412 generations.
INTRODUCTION
Paleoindian sites in the Lagoa Santa area, Eastern-Central Brazil (Figure 1) , are well known and widely published , Laming-Emperaire et al. 1975 , Neves et al. 2004 , Neves et al. 2013 , Neves and Hubbe 2005 , Strauss et al. 2015 . The Paleoindian occupation of this area is considered to span an interval between ca. 12,600 to 8500 cal BP 1 , and most sites are inside rockshelters. The occurrence of gaps in the human occupation of Lagoa Santa during the middle Holocene was acknowledged a decade ago (Araujo et al. 2005 , Araujo et al. 2006 , and the end of the Paleoindian occupation in the region was considered to be marked by the general abandonment of the rockshelters at 8500 cal BP. anymore. What really surprised us were the ages obtained: the reoccupation took place between 5100 and 4200 cal BP and, therefore, well out of the range of what we consider as the Paleoindian Period. This short reoccupation event gave us a clue about the possibility that the Lagoa Santa Paleoindians, in spite of moving away from the core area, maintained their culture during a time span that was much longer than previously acknowledged. In order to test this assumption, we compared the early and middle Holocene archaeological layers, both from the technological (stone and bone artifacts) and subsistence (faunal remains) points of view. Data from other Paleoindian sites from the same region (Lapa das Boleiras and Lapa de Taquaraçu, Figure 2 ) were also explored.
LAPA DO SANTO ROCKSHELTER
Lapa do Santo is the largest known rockshelter with archaeological remains in the Lagoa Santa region, comprising the sheltered entrance of a cave, 70 m long and 20 m wide, with an area of 1,300 m 2 , opening towards the west (Figure 3 ). Between 2001 and 2009 a team led by Walter Neves and Renato Kipnis, from the University of São Paulo, excavated an area of 44 m 2 , uncovering a very deep stratigraphy that reached more than 4 m in some parts (Araujo 2008 . When one approaches the rockshelter today, it is possible to note an inclination of the floor towards the north, whose bottom reaches a sinkhole. The southern portion of the shelter is much higher, and it is necessary to climb up a small hill in order to reach the south wall. If one proceeds eastwards, in the direction of the back wall, the topography will go down again. After several years of excavation it was possible to acknowledge that this "hill" was not natural, but the result of the accumulation of cultural materials in the form of ash, burned earth, bones, stone tools, plant remains, limestone pebbles and human burials. This fact became clear when we reached the original floor of the rockshelter inside a 4 m 2 excavation (units F12, F13, G12, and G13, Figure 3a ) and found that the bottom of the archaeological sequence was topographically in the same level of the natural cave floor. Moreover, we were able to discover rock art (petroglyphs) in the large blocks that were part of the original floor, with a minimum age of 10,000 calBP ). In the northeastern portion of the site there is a rich rock art panel, with anthropomorphic and zoomorphic figures pecked over the limestone floor and showing the same aspect of the ones found in the excavation.
The site seems to be a central place in terms of the ancient Paleoindian settlement system, the only rockshelter in the region that showed such an accumulation of cultural materials, rock art, and human burials (26 human burials that were recovered in a 15 m 2 excavation area -Strauss 2010). We have good reason to believe that the original sediment thickness surpassed the extant numbers considerably, since the top of the archaeological sequence was partially removed by gravity (soil creep) from its original position in the upper parts of the hill, and re-deposited in the lower parts. The dating results from the top layers of the site often provided ages ranging between 8500 to 9000 calBP. The only exception was found in the excavation units that were placed on the highest part of the hill, the "M units".
The M Units
We will focus our analyses on the five units that were excavated together (units M3, M4, M5, M6, and M7), forming a trench 5 m long and 1 m wide (see Figure 3a ). The flat surface of the floor, allied to the presence of a large limestone block and ultimately to the fall of a large stalactite that served as a wall, precluded the erosion of the sediment in this portion of the site. All excavation areas inside the site were subject to dating (see complete list of obtained ages in , and the only instance of mid-Holocene ages in undisturbed stratigraphy was found at the M units. This means that the M units are located at the only portion of the site that contains a complete cultural sequence for Lapa do Santo Paleoindian occupation.
The excavation was carried out according to a mixed strategy of decapage following natural layers and, at the same time, the recording of the excavation at least every 10 cm (photographs and drawings of each unit). The recognition of different archaeological facies (sensu Stein et al. 1992 during the excavation involved the separate sieving and collection of sediment samples for each one of them, and also the designation of individual archaeological pieces to particular facies. Archaeological materials larger than 2 cm had their coordinates recorded individually by means of a total station. Several features comprising discreet charcoal accumulations and animal bones were observed during the excavation, and were interpreted as hearths. No human remains were found in this portion of the site. The stratigraphy of the M units showed well preserved layers of ash, following a dip from north to south in the lower layers and a more horizontal aspect in the upper layers. In contrast to the lower layers, the upper layers were somewhat disturbed, showing the presence of pits. It is possible to observe a subtle difference in the general color of the sediments between the turbated layers in the top and the flat layers in the middle of the stratigraphic sequence ( Figure 4 ).
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SITE FORMATION PROCESSES AND CHRONOLOGY
The obtained chronology for the M units (Table I ; Figure 4 ) shows a marked hiatus in the stratigraphy. The bottom of the excavation at the M units produced an age of 10,060 ± 100 calBP (8930 ± 40 14 C BP). With time, there was an upbuilding of ash and other anthropogenic materials that resulted in a 1 m thick sediment column, up to 9140 ± 90 calBP (8170 ± 50 14 C BP). Then, suddenly, the chronology jumps to 4860 ± 150 calBP (4290 ± 90 14 C BP), without any significant change in color or other macroscopic characteristics of the sediment. This indicates a hiatus of 4280 years in the stratigraphy at this specific portion of the site. Overall, taking into account the whole suite of radiocarbon ages, the hiatus in the occupation of the site spans 3600 years. On the top of the sequence, a thin layer of recent (ca. 900 14 C BP) sediments is also present. This means that there are two markedly different occupations, one dating from the early Holocene, and the other from the middle Holocene. The difference in sediment color mentioned above is found within the middle Holocene layers. This hiatus in sedimentation, without any evidence of erosion (truncation) or deposition of a sterile layer, is the strongest indicator of the anthropogenic nature of the sediments at Lapa do Santo. The absence of sedimentation is linked to the absence of human activity. Specifically at the M units, there is no possibility of any geogenic sediments entering the sheltered area, either by cracks on the ceiling or by karstic conduits bringing soil from the upper parts of the massif. The only karstic conduit close to the M units goes down, and therefore cannot act as a sediment source ( Figure 3b ). The same phenomenon was observed in another rockshelter, Lapa de Taquaraçu (Araujo 2008 , where the strong ash production and the lack of significant natural sediment input resulted in a major stratigraphic and chronological hiatus that could not be recognized in the field. On the other hand, a third rockshelter, Lapa das Boleiras, showed a marked colluvial contribution that could be easily detected . The spatial arrangement of the lithics and faunal remains in the M units is shown in Figure 5 , and it can be perceived that the archaeological material occurs across the sequence without any spatial gaps. It is important to note that the magnitude of accumulation of anthropogenic sediments observed in Lagoa Santa sites, and at Lapa do Santo in special is, in itself, a strong indicator of discreet cultural practices. Our present knowledge of Paleoindian sites in Eatern South America suggests that these practices were not operating elsewhere.
LITHIC INDUSTRY
The lithic industry at Lapa do Santo is well studied (Pugliese 2007, Moreno de Sousa 2014) and is very similar to the ones observed at other Paleoindian sites from Lagoa Santa, such as Lapa das Boleiras (Araujo and Pugliese 2010), Lapa de Taquaraçu as well as in several rockshelters (Beltrão 1975 ) and openair settings , Bueno 2010 . The industry can be characterized as the product of a generalized core technology (Teltser 1991) , without formal artifacts. It was organized mainly around the flaking of quartz crystals, with the massive production of small flakes (mean length around 22 mm- Figure 6 ), cores ( Figure 7) , and splinters. A small proportion of the resulting flakes (less than 1%) were retouched. The raw material choice (small sized quartz crystals) is not related to availability, and probably reflects a strong cultural norm that is found through all rockshelters and Paleoindian open-air sites in the area (Sumidouro site; see Araujo et al. 2013, Coqueirinho site; see Bueno 2010) . Quartz crystals do not appear in extensive outcrops at Lagoa Santa, but are abundant at Serra do Cipó, some 45 km towards East in a straight line. The hypothesis that the Lagoa Santa industry was based on a definite predilection for small quartz crystals, regardless of the abundance of good quality, larger raw materials in the area is supported by data coming from a much younger open-air lithic site named Lund, with an age of 2200 calBP and located in close proximity to the already mentioned Paleoindian sites named Sumidouro and Coqueirinho. Lund site showed a completely different lithic industry and raw-material choice, with much larger artifacts, including (rare) formal ones, made on locally available flint and quartzite pebbles.
A sample of 759 lithic pieces from M units was analyzed for this study, including flakes, cores, utilized pebbles, polished stone, flaking debris, micro-flakes, and unmodified rawmaterials. Attributes used in this analysis comprise observations on raw-material type, type of blank (crystal, pebble, block) basic measurements (length, width and thickness) using a caliper, percentage of cortex observed in the flakes, type of bulb, number of dorsal flake scars, and overall number of flake scars (for cores).
BONE INDUSTRY
Artifacts made on modified bone appear at Lapa do Santo into three basic forms: flat-ended tipped artifacts ("spatulae"); pointed artifacts ("perforators"), and hooked artifacts ("fish-hooks"). Artifacts assigned to the first two classes are far more abundant, and were made mainly on cervid (Mazama sp.) metapodials (Figures 8 and 9 (no downslope movement) and chronological range (time span encompassing early to mid-Holocene).
FAUNAL REMAINS
The faunal remains from Lapa do Santo have been subject to preliminary analysis focusing on taphonomic and taxonomic studies of middle sized mammal remains (Bissaro Jr. 2008 , Perez, 2009 ). The taphonomic analysis revealed no important differences between Lapa do Santo and another Paleoindian site from Lagoa Santa, Lapa das Boleiras, regarding the level of fragmentation of cervid (Mazama) bones (Bissaro Jr. 2008: 62, 64 ), although differences in the percentage of burned bones were observed (Bissaro Jr. 2008: 70) . The study performed by Perez (2009) included information on chronology and some of her results will be discussed later. The preference for cervids (Mazama) and armadillos (Dasypus and Euphractus) described for Lapa do Santo has also been observed in Lapa das Boleiras (Kipnis et al. 2010a).
RESULTS

COMPARING THE EARLY VS. MIDDLE HOLOCENE ARCHAEOLOGICAL RECORD AT LAPA DO SANTO
We will now present the results of the statistical analysis performed for the stone and bone artifacts, as well zooarchaeological data previously published (Perez 2009), comparing the Early and Middle Holocene occupation at Lapa do Santo.
The Lithic Industry in the Early and Middle Holocene
The analysis of the lithic industry aimed to understand if there were important changes through time. Due to the small sample size regarding some artifact classes observed in some levels, we divided the stratigraphic layers into two major groups: Early and Middle Holocene. This latter division took into account the radiocarbon dating associated with the layers. The metric data was analyzed for complete flakes (Table II) and cores separately (Table III) . Due to sample size constraints, we divided both samples in Early and Middle Holocene. A Kruskal-Wallis tests showed no significant differences regarding length, width and thickness on both cores and flakes, except for flake width, which seems to be larger in the Early Holocene (p: 0.024). Since flake width is constrained by the size of crystal faces, this is probably an effect of the overexploitation of large crystals.
In order to understand if there were any important changes in terms of the pattern observed in the Early and the Middle Holocene, a z-test for 
TABLE IV Number of elements, Z-test results (z score and p value) and proportion between Middle Holocene (MH) and Early
Holocene ( 
TABLE V Number of elements and Z-test results (z score and p value) and proportion between Middle Holocene (MH)
and Early Holocene (EH) types of blank. the equality of two proportions was applied to flake and core attributes. Raw material type was computed for all elements (flakes, cores, unmodified raw-material, polished stone, flaking debris, micro-flakes, utilized and flaked pebbles) except hammerstones. Table IV shows the sample size and type of raw material and presents the z-test results. No important differences were observed between samples, indicating that quartz, hyaline quartz and other raw materials were used in the same proportion throughout the Holocene.
Type of blank (crystal, pebble, other) was computed for all elements (flakes, cores, unmodified raw-material, polished stone, flaking debris, micro-flakes, utilized and flaked pebbles) except hammerstones. Table V shows the sample size and type of blank and the z-test results. The lack of important differences observed among samples indicates a continuity in the type of blank proportions from the Early to the Middle Holocene.
The overall number of flake scars observed in cores, the sample size, and the z-test results are presented in Table VI . No significant differences were detected between samples, attesting a constancy in the proportion of the number of scars from Early and Middle Holocene cores.
The bulb type, sample size, and z-test results are presented in Table VII . The z-test results indicate no important differences regarding proportions of bulb type in the analysed sample.
The amount of observed cortex in flakes, the sample size and the z-test results are presented in 2512 ASTOLFO G.M. ARAUJO et al. 
TABLE VI Number of analysed cores, number of scars, Z-test results (z score and p value) and proportion between Middle Holocene (MH) and Early Holocene (EH).
TABLE IX Number of dorsal scars, Z-test results (z score and p value) and proportion between Middle Holocene (MH) and Early
Holocene ( and then dividing the Early Holocene in two parts, one composed by levels D to G and another by levels H to L (Chi-square: 7.907, p: 0.019187).
Bone Industry in the Early and Middle Holocene
Both results were significant at p < 0.05, indicating a greater emphasis on the production of spatulae in the Early Holocene.
Subsistence Across Time: Faunal Remains
The analysis of the faunal remains of Lapa do Santo was made by Perez (2009), and several of the specimens came from the M Units. The author compared data from the Early, Middle, and Late Holocene, but for our purposes only the Early and Middle datasets will be used. Table XI shows the MNI / NISP for the two periods, and (Table XIII) presented no clear differences between the two periods (see also Mingatos and Okumura 2016) . Due to the small sample size, Chi Square tests and/or Fisher tests were performed only for Mazama (Chi Square: 0.2864, p: 0,59256; Fisher test: 0,734276, not significant) and Dasypus (Fisher: 1, not significant), pointing to a lack of significant differences between the levels of fragmentation of skeletal elements from Early and Middle Holocene.
DISCUSSION
Our data suggests the maintenance across time of a very specific set of material culture that includes lithic and bone industries, subsistence practices, and the strong accumulation of anthropogenic sediment. This set of material culture is both formally and technologically unrelated to other known contemporaneous archaeological traditions (such as Umbu and Itaparica, Figure 1 ; Lourdeau 2015, Moreno de Sousa 2016, 2017, Okumura and Araujo 2016), and its persistence in time can be best explained by the presence of a single line of cultural transmission, or a cultural phylogeny. The most parcimonious explanation involves the operation of a very stable cultural transmission process, resulting in a cultural tradition in its most exact sense, or "patterned ways of doing things that exist in identifiable form over extended periods of time" (O´Brien et al. 2010:3797) . As discussed Araujo 2014) . By environment we mean not only the natural setting, with its soil, plants, animals and precipitation regimes, but also other human groups that happen to be in neighboring regions, or even in the same region. Given stable external conditions, the operation of a meta-tradition is a way of avoiding cultural change that could be potentially harmful (VanPool and Savage 2010). However, Lagoa Santa also presents a very important clue as to the manner in which people tend to cope with environmental changes. Contrary to what can be observed in the Paleoindian record of Southern Brazil (the Umbu Tradition, Figure 1 -see Okumura and Araujo 2014), the occupation of the territory by the Lagoa Santa Paleoindians was not continuous. As we mentioned earlier, mirroring the occupational gap at Lapa do Santo (Figure 13b ), there is a major hiatus in the occupation of Lagoa Santa region as a whole, spanning 3200 years (Figure 13a ). The causes for this abandonment are most probably related to climatic reasons (Araujo et al 2005 , Raczka et al. 2013 . When people moved back to Lagoa Santa, in the Middle Holocene, they not only chose the same area their forebears occupied intensively, but also the same rockshelters, and they brought back the same material culture. This suggests a strategy that involved a geographic change in the focal area of occupation, while maintaining the cultural structure virtually untouched, including the oral tradition that should be involved in the recognition and periodic visits to the rockshelters as places to be remembered, throughout an absence of intense occupation that lasted 160 generations.
In spite of the stable subsistence strategy and the overall homogenous aspect of the Lagoa Santa lithic industry, it is possible to perceive some trends across time during the early Holocene occupation of the rockshelters. The more conspicuous can be perceived in the human burial patterns. The area was occupied since 12,500 calBP (10,490 14 C years BP, Figure 13a ), but the widespread practice of burying people inside the rockshelters appears only about 9900 calBP (8830 14 C years BP), or 2500 years after the first occupation (Figure 13c ).
Another change can be perceived in the higher frequency of flint in the lower stratigraphic layers, that are not represented in the M Units. Even though flint represents only 5% of the raw materials present at Lapa do Santo and Lapa das Boleiras (Pugliese 2007), more than 90% of the pieces made on flint appear in the interval between 12,500 and 10,200 calBP (10,490 and 9,000 14 C years BP). It is important to note that this change is only related to the raw materials, and not to the technology itself. In spite of the very good quality of the flint, this raw material was being flaked in the same manner as the quartz crystals (Figure 7d ). Finally, there is also a small change regarding the frequencies of the bone artifacts. While the upper layers present larger quantities of pointed artifacts ("perforators"), the lower layers show larger frequencies of flatpointed bone artifacts ("spatulae"). However, even this change does not seem to be significant in cultural terms, since the exact opposite pattern was observed at Lapa das Boleiras rockshelter (Araujo 2010:217) .
Since these changes were set by the end of the early Holocene occupation, the "jump" to the middle Holocene showed no major cultural differences. Both the lithics and the faunal remains frequencies showed no significant changes. Again, even taking into consideration these (slight) differences in frequency of artifacts and raw materials during the early Holocene, the most remarkable aspect of the Lagoa Santa Paleoindians is their extreme cultural persistence.
CONCLUSIONS
The case of Lagoa Santa is the second instance of the same phenomenon already observed in another South American Paleoindian group that was culturally unrelated (Umbu Tradition - Figure  1) , but that nevertheless also showed an extreme cultural persistence (Okumura and Araujo 2014). We tend to explain this as a convergence that points towards an understanding of cultural processes that is at odds with the common view that cultural change in behaviorally modern humans is necessarily fast. Given a relatively stable environment, large territories to move around, and (in all probability) a relatively low population, these Eastern South American Paleoindians seemed to maintain their cultural structure for extremely long time spans. If we take into account the total time span in which Lagoa Santa Tradition can be recognized as such, we will reach the impressive number of 8240 years, or roughly 412 generations (Figure 13a ). It is important to note that, in the case of Lagoa Santa, a shift in the environmental conditions did not trigger cultural change (cf. Hiscock 1994 , Rowland 1999 ), or cultural collapse (cf. Binford et al. 1997 ), but only a geographic displacement with the full maintenance of the material culture. As put by Henrich (2010:108-109) : "when faced with population pressure, environment shifts, or external threats, people do sometimes innovate; however, more often they emigrate, suffer and/or die".
Our data also suggests that the cultural attributes more directly related to subsistence were maintained virtually untouched, whereas ritual aspects, in the form of mortuary practices, showed significant changes. This supports a materialist approach of the Paleoindian behavior, that can be subsumed under concepts like "culture core", proposed long ago by Steward (1963:37) .
Another important factor to take into account is that the persistence of cultural traits is not necessarily the "best strategy" in evolutionary terms, but can be simply the outcome of low population / low interconnectedness between individuals. There is a growing literature dealing with the relationship between population size and rates of cultural innovation and cultural change (Henrich 2004 , Neiman 1995 , Shennan 2000 , 2001 , and the fact the two different Paleoindian groups presented the same characteristics can be related to somewhat lower population / interconnectedness when compared to other parts of the world in the same period, including North America. For instance, when we take into account the archaeological record left by Holocene huntergatherers in North America, the profusion of artifact types after the (short) Clovis and Folson periods is overwhelming, with thousands of different bifacial point shapes occurring in very short time spans and neighboring areas (Justice 1995 , Huckell 1996 . This suggests higher rates of cultural change, the reasons for which should be investigated. We can advance some possibilities related to the geographic position of the northern portion of the continent and its possible cultural links to both Asia (Goebel et al. 2008 , Goebel 2013 and Europe (Bradley e Stanford 2004 , Stanford e Bradley, 2012 , and higher population numbers in North America when compared to South America, resulting in more innovation rates per se. If this demographic difference is coupled with higher climatic variability in parts of North America during the Holocene (e.g., Anderson et al. 2007 , Kennett et al. 2007 , the outcome would be a lack of territorial pliability, which would prevent some human groups from adopting the strategy of moving into a new area while maintaining their cultural standards.
In sum, we believe that the Eastern South American early and middle Holocene archaeological record shows two very compelling cases of what happens in cultural terms when human groups are freed from major environmental (i.e., social + climatic) stress: they will strive to continue doing what they always did.
